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REFORM NG PROCESS USI NG HI GH DENSI TY CATALYST
BACKGROUND OF THE | NVENTI ON [ 0001] Thi s invention

WO edoaeR29 0 a shaped catal yst with a speci fi edp¢ii/gk2005/039357
density and with a specified lowratio of
pl ati num group conponent to tin conponent, and rel ates
to a process for using the catalyst for hydrocarbon
conversi on such as with reform ng of napht ha ran%e

f eedst RKFORMING FROSFSSESBYG AHOHEBPENSIDE JATALYST

Hydr ocar bon conver si on units such as catal ytic naphtha

ref orners need 530 Pﬁﬂﬁr(ﬁaﬁﬁ%mﬂd s of

hydrogen for cl ea i'gh-ocCtane product for
gasol i ne, and aromatl cs for petrochem cals production.

[000Y) | nPhieieEbnciah adles tovd shapdi @halystaetisd épeciflied highnbnsity and with a
platinuntin ratio allows reformng units to increase

spe@ﬁ%k@wu? of platipHer SauRePIEPEHI; BrEasIP Ry BRfbislatesgo a process

for ol Igéﬁ?l% cgtr >]]‘§1 glro%?rﬁéﬁ cr:]%n\%ec g%%a% ﬁ?%q‘%ﬁo}rﬁm:g ovf{naphtha range

feec@fdckvmbyﬂgap@btmdmﬁla@cshl gher pinning nargin. Pinning
margin refers to the margin at which a novi n? bed
qral

[00@t al Jigdrogptbion chaversiei @tu@hsuah ps ey tic padithagielqratess nogd to provide
dr.ocar, flo s .t hat
ere A DL et Y SRR R b e o doeh ol g promatis
for PdtFdcBEMRALs ProdiRtibREAR BaibRId dé@dl%rét vath 1Geid: @Enﬁtypcﬁld 18wer platinum-
ower pinning margin is generally associated with

tin matie abgwemfennysg uhitoisiniretse ilyavghmt frrontreassd pmﬁsmgl of hydrogen

on-uni form reactor erf r manc fi
s L Ry ARG o GBS CBP g Ry sty Bitegsiife B s
has Mgt%f adti¢ftp Al aﬂsowa hfgheﬂ Iﬁﬁﬁhg ¢harbia. Pinghe rméilgiﬁ%feys to the margin at
catal yst can be a sinp icient way to further
whiclne nmm Hedmatdhysﬂ molt ﬁdelmrotugln o podwoss reactinerehayicte ¢ by droearbon flow

confq%g EWI géifit Ws%@;a f%@gya{ o }ge%pgﬂéx%%wgfg}fr effectively pin or
stick ?(F‘%fl@ k&t %eﬂ’lg%? cOfter yﬁ %@\% JoWE plBMeS ‘ﬁfﬁﬁ?ls@eﬁgﬂéﬁgf 'a%mated with

he hi gher densit at al yst | s especi al I'y i nportant
mo¥ing catelfystrtkrm—dvstmbﬂmﬁ_pocdﬂmmkzelsingmmemlik)yln reactor performance. For

relip P ALAATIEY Pl BN o s RcH n e e S piung units,
loac{flI the hﬁﬁ%? %lfﬁ@r%tal‘f}? ?Jﬁ%;arss{lf(f)l?w @ffﬂ: ¥ wh g% fuline} fﬁﬁﬂ:ase feed

are di sc art or e In na
hydrehonitirgughiif Ofje Rydradarbéh hydhdlid cambcity i esmany reformmg units can be
1ncr|23g/s%3 %§ %g Pn%rclzh ce:lso 82)/‘% c?rI rr?or;e c?rtcglngtant r&elgy%leplrly%%c? gse?l gagJl ?l %ﬂe ﬁ)wer coke
production of the higher density catalyst is especially important for refiners who are coke-
make limited by continuous-regeneration capacity and want to increase feed rate, but may not
be able to increase recycle gas rate.
[0003] Many catalysts containing platinum and tin are disclosed in the prior art for use in
naphtha reforming.
[0004] US 3,745,112 discloses a hydrocarbon conversion catalyst and process based on a
uniformly dispersed platinum-tin composite. A specific example of the catalyst disclosed is a
combination of a platinum group metal, tin oxide and halogen with an alumina carrier

material wherein the tin oxide component is uniformly dispersed throughout the alumina

carrier material in a relatively small particle size.
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uni formy dispersed platinumtin conposite. A specific
exanpl e of the catal yst disclosed is a conbi nati on of
wa@2@basizeum group netal, tin oxide and hal ogenP@i/UB20851039357
alumna carrier material wherein the tin oxide
conmponent is uniformy dispersed throughout the
alumna carrier material in a relatively small
article size.[0005] US 3,920,6 15 discloses a .
[00G541 ci WS BiBA.aloahickrsas a ealcinptionaeatmgiod ahlepsitPG0SC (ydueh is used to

t d th f i
reaf@ e BHEG AR AP LY B R R Lo By AR FARKR, 1h cotalys
containgh ipRiERuAT SYBp WRkAlwitd 4 fecand RN sudies abped@hd dsplays improved

copper and displays inproved selectivity in a process
sele¢tpvitylim agresisas for hengochainehoro-glefip debyfbegenpidon frpgrparaffins as part of

araffin s.part of the production of alkyl-aryl
the @aﬁlf%lﬁgf)ig_ﬁ.‘/[-glé’gé‘]‘ﬁ%ﬁf?g-di an Patent No. 1,020,958
[0006] SC! ©5RTiaR IEAARINGS 1,000058 Bfstlo@esOf catdlydt 8884istRIReof at least one

pfatinum group conponent used in a reaction zone with
plateumymtowcermbpeneahused i r ogetion reter withha iy droearbore and hydyogen under

o SRR e o A A B e by e
oxic%tﬁ@t?ﬁ{e@%re #B%deks {shEpeattihAR PR SBFadSarbEk BBRIeA Q03 98061 the

gl nal value. The catalyst is then treated to
origirat oo Tht eatatysk saben oeatedoodnairporateet Eastawelpramoter metal such as

. The resulting catal yst shows, increased stahi.li i.n

tn. §EErepwinge puglet dog Baeiory Sabi It G5 st pe s equent

reggng%{i&g&%gfacelg@%ﬂ] US 6,5 14,904 discloses a catalyst
and a protess for using the catal yst generally for the

[00&R NV TS i6eH1 4c504hdisiiasea b bataly sbardl ssprecdst faralsing thecatalyst generally for

napht ha reform ng. [0008], _US 6,600,082 and US
the gongersioned hyfxacprhoas %QS\‘ %PP%ﬁﬁﬁ@l}éfﬁ’a nglfbametRyEHEE | on
t al S [ [ G~ ed i i
oo ¢S oA RSP0 aRE ol FORRRAIRR cauys
prepheddalsifign@chrahdib-bakedriaptapnhiat 6{in haskidvea hidhsiateeation with
spectroscopy. . SUMVARY OF THE | NVENTI ON [ 0009]
platigyp), pedatersnined withohameigrigtiondesed enMapspauerFresrosaopy.
i ncreased al um na density and a decreased ratio of
platinumto tin t i b GhH t'ﬁ% rocess
advantages in consg%%%\?oegﬁg}g[?gggﬁ on egdst ocks
such as naphtha. In particular, applicants have found
[0009)at Appladaatyisive wotvfoluntihass eadalghbtumiting wereabddyalumina density and a
provi des | ower coke-nmake, better fst ability, or greater

decteaterytiq of anwiB i B SrahBroxides Sigai fisapldueesds pdvanETess H agversion
of h%h%gﬁﬁgr? feedstocks such as naphtha. In particular, applicants have found that a catalyst

with increased alumina density provides lower coke-make, better stability, or greater activity
than would otherwise be expected in reforming processes.

[0010] A broad embodiment of the present invention is a hydrocarbon conversion catalyst
comprising a support with an average bulk density greater than 0.6 g/cc that has glispersed
thereon a platinum-group component and a tin component, wherein the bulk mags ratio of
platinum-group to tin is less than 0.9. Preferably the support is an alumina component with a
X-ray powder diffraction pattern such that the ratio of peak intensities at respective two-theta
Bragg angle values of 34.0 to 32.5 is at least 1.2, and the ratio of peak intensities at respective

two-theta Bragg angle values of 46.0 to 45.5 is at most 1.1. Moreover, the tin is preferably
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[0010] A broad enbodi nent of the present invention is

a hydrocarbon conversion catal yst conprising a support
wowrah/osi2aver age bul k density greater than 0. 6PQI/US2005/039357

that has di spersed thereon a plati num group conponent

and a tin conmponent, wherein the bulk mass ratio of

plati numgroup to tinis less than 0.9. Preferably the

support is an alumna conponent with a X-ray powder, i
charaijtérized arsingrMpssbeesr SpestroBCaPi4¢ Maasure Hiejamamt Bﬁgk associated with

intensities. at..respective.two-thet.a Br angl e val ues
platiggm-grogp ?’8%?%”9 %U%g 1c|pla§gltuni-g b b Igﬁgﬁpﬁ%&r at igo of peak
[001I1Pt enghdth&SerModiBERESH pMRedWRiHNBE eatddy 806 adagil EicelonBhg

of 46.0 to 45.5 is at nost 1.1. Moreover, the tinis
procpssebecabykestitggaaclineriangahydsoorgbavisespreirdly i ihe presence pf less than

t h t aof ti pated with .
1 oy s R RoNhER B =fitaronirpn i AR 87 I Qirsroathtiel s pptayst i
usefhl i adeH$drBESnatiofl PackkssAnot her embodi ment is a process

using the catalyst in a catalytic reform ng process

[0012pr cAnvbjetiivgofyhs tivenigon irgerdvdiradugh Bemity catatyst iwathlajow ratio
of e G AR el s B e O L e etiRve s o
prox‘[i%égalga]?&%én%ﬁ tablie féﬁ@fo%iﬂ%}hé’t_ B I% N LELERHInAThPHHAGES Sow coke

objective of the invention is to provide a
makhj ;i esteelkint yctodtyal yst with a | ow rati o of

pl ati numgroup.to ti .hat is _useful .in hydrocarbon .
10033 SR hiscive FmBe BiepsvBd et SO bR P D oF pbiained
[ . : L: i ncreased pi nni ng
ﬁmﬁ%?%@%%ﬁP%&%%ggéaﬁgbggmgﬁgkgékg ent activity. [0013]
Addi ti onal objects, enbodi nents and details of this

i nventi on cOETEILND BESERIPTION (GFTHB INMENBIQMt ai | ed
description of the invention. DETAI LED DESCRI PTI ON OF

THE | NVENT [0014 broad enbodi nent of the present
1004y 5rRd TReARRL PEoh SpEG a T Ot i SRPFLCaalys

. - . . : r
whifl SRR B RiIch, DR BhichAhRliRk 85 o Ao AN E S diterthan 0.6 gloc
Preferablyagie dvetdge bhalksdenyity & gyeatatthan .65 p/cO. Bippgrts should be uniform in

Supports_ should be uniformin conposit.io nd .
compasiHen gad sﬁla\t@‘ie}yg@tera?tg)rwe thereondifings rcgia alyidE0qarbag conversion
proc!&(s(.j ?8{3%1?9 %Yﬁglﬁdeggoxgﬁfﬁ%%ﬁﬁies SithtRR0E of HRRO Pf Alumina,

i'n¢fude rnorgani ¢ oxi des such as one or nore o
maglbsifliZAi@oniapeHemiA titania, boria,ahortd) phosphate} dih@okide ahdsilieg. Alumina

. tharia, phosphate, zinc oxide and silica. Alumna is a
is a pregreadrsagpetlippor t .

[0015] Suitable alumina materials are the crystalline aluminas known as the gamma, eta,
and theta phase aluminas, with gamma or eta phase aluminas giving best results. A preferred
alumina is that which has been characterized in US 3,852,190 and US 4,012,313 asa
by-product from a Ziegler higher alcohol synthesis reaction as described in Ziegler's

US 2,892,858. For purposes of simplification, such an alumina will be hereinafter referred to
as a “Ziegler alumina”. Ziegler alumina is presently available from the Vista Chemical
Company under the trademark “Catapal” or from Condea Chemie GmbH under the trademark
“Pural.” This material is an extremely high purity pseudoboehmite which, after calcination at

a high temperature, has been shown to yield a high purity gamma-alumina.
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[0015] Suitable alumna materials are the crystalline
al um nas known as the gammm, eta, and theta phase
WwW@bkwrioseg9 with ganma or eta phase al um nas gi RETIGSHES039357
results. A preferred alumna is that which has been
characterized in US 3,852,190 and US 4, 012, 313 as a
by- product froma Ziegler higher alcohol synthesis
reaction as described in Ziegler's US, 2,892,858. For
[0016Lr poBlesprsferterl Apim pf bapresant St sphgi: ﬁmanﬁ Pplt?ées may be
her ei;naf t
cont G M oL B L QLR P riind) WK Zompgjses; forming an
alunf3h& BluE wilorieaRy alubded of dicaltuhidrdrdsol lssamp@ﬂthe mchmqmem taught in
Condea Cliem e GrbH under the trademark ' Pur al Thi
the arbanst praferably by resgtingRREIOER Gietah uit by dpachipristrsids ﬁvml%lmng the

resuﬁhxég%}fgmaﬁf% o1 Al‘fﬂ?}l{ \(z:vl tg%t SIU?{ tgre)f;i}glg tag‘glgt a?rfapcﬁ{)?é}ﬁé the rF%IStf% mixture

into -Eﬁ QilYaef Shindnddot Rlehtetl hﬁnﬁér@tﬁfé@ I Tieadraplets ofithe Mixture remain in the
phere. Alum na spheres may be continuously

oil haﬂnmtdcthw sstjansyformegeiled sphcrﬁsﬁhedpher@s 8y th@% pRIInHpRSER Withdrawn

fronh’&;& Lb‘f%i 'fmcLor m @ﬁﬁlﬂoneﬁgcgfgosgg?l élg% aWi ?Rl%%ﬁ%tﬁl nts in oil and an

amm &R SB18ord AUSHAer ipkdiR A& pl%@ﬂ:apélﬁfrﬁﬁ@wtﬁés Bhe resulting aged and
reacting alum numnetal w th hydrochloric acid;

gellabparticlengretthen wasbed end dried araselstivaly lew temperaiureofd 50° to 205°C

o SR S A B BRLR o PR AT erod o 1 1
20 Hoffy ?h%tt%aﬁﬁent ThEctd EaR)eBisn @F thé Ql@nﬂhd(ﬁWrSgél%TﬁierbotrBspondmg
the ol bath until they set and form 15) eres.

crysii'ahhnesmmme{ahmmaa Ui 2,620,3t # praidsks yorvidd) mnameta soandtihimcorporated

hereh Jy ReiePGaOREH: S P4 R AT RoEh €8 QEEBHO L

geofntfricd}Ebpd osk ?ﬂfe §IBH¥1%§ 6&hg ﬁﬁﬁﬂ AR Bdledes %ﬁghtﬁ@ﬁatlons

resuh%g aged an particles are then washed
[00Emd dwneﬂteﬁtateaformloéthw;ﬁ‘bgent caaly e npe crlindrisabéxtiigatet & “substantially

205C_and subj ect o0 a cal ci nat
B

in oH? H{I’éCtI Lh%g 1ink&ah Qﬁ@ﬂl £thée %ﬁdﬁ‘%’%@h@&%t%s e from, can be

rogel to t Re“corres ng crystalline
pre@éﬂmy ah;u@ﬁ thawelllﬁnBWﬁZ@ thiladt ]anmmgdmhdidsrsualﬂ ds extomin. The
details and is incorporated, herein hy refer
prefered extaudatnforndepispatef by teiKine Lol ARpIng nayv bw&hi grand

su1t%l§ﬁ z):eétéztug%lg%%ts? %%%ts rrﬁ c%%ﬂlf) &{%{1& Gt oatlw'ﬁﬂ‘gfer{x/ Hféﬁa&%ﬁld like materials,

to £ A bxtﬂidaﬁle&%ﬁ@l@h@vlfl@ hlld)ssfonh@ﬁtl@{ GISBF) tat 5@Q°&] ofSH5 tb §5 anass-%.
cylindrical extrudate. A "substantially. cyl]jndr

Thed&sldtl% doughes Pﬁ@ui%tbllﬁ?u@ééﬁ’élﬁbhcs%?%@ﬂ figed g wnfcs@'p' 'eeﬁrudate
partilcfri llc}}hnéjagl:?gtcﬁga B0q %&5’&\% (ffovx}i t@mBE‘ﬁ%n{?% bPt eq;’locg Iﬁgﬂ? and subjected
to atﬁﬁﬁlﬁtlbﬁ'ﬁrodéaﬁlrelaea temperature of 450° to 700°C for a period of 1 to 20 hours.
[0018] Moreover, spherical particles can also be formed from the extrudates by rolling the
extrudate particles on a spinning disk. An average particle diameter can vary from 1 mm to

10 mm, with the preferred particle diameter being approximately 3 mm.

[0019] After shaping, the catalyst is subjected to at least one calcination treatment.

Preferably, this calcination is conducted at conditions selected to create a product catalyst

comprising a calcined alumina with a characteristic X-ray pattern and desired physical
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prepared by any of the well known to the art formng
nmet hods such as extrusion. The preferred extrudate
w0 oo0a05R29pr epared by m xi ng Zi egl er al um na poR€iEUS240%/6839357
wat er and suitabl e peptizing agents, such as nitric
acid, acetic acid, alumnumnitrate and |ike
materials, to forman extrudabl e dough having a | oss
on_ ignition (LO) at 500C of 45 to 65 mass-% The
propesises 1hitergs¢b sghadeareax  hisralgineren tiically Jakas dlncy abmigpangrature of
Sl oAl e form [ te td.C ' G .
frorf Q005703050 B [Tl S W B e L R 5 minutes o
20 hRR0 §1610 refetbihlo heehl¢ifattortdhditioas tafpideacethipeRnat fdm 800° to
tenperature of 450 to 700C for a period of 1to 20
900 o moispuye kest! affessdhan 3 mapharsteam apsha timellimait ebH) epingies to 6

be .forned from.the. ext rudates rollin he.extrudate .
houlC APV O R SR el el A R Busicered
air WHtIRHB bededGAGIsMAY ¥ dtéa@iNrdngdiiB frEm 1ok 1D hadibebn 8@ using chemical

preferred particle diameter being approximtely 3 mm

medn@ 6ud] asaheleculatsipicn gy sitiprgadstoanyaentingoisiulyj levels dianeradly the exact

b2 e SRRl v
profe 6L & sBrfdeCRCAndGRER] fadh GRARK] Bh@1Aive ahfouRESt surface area

alumna with a characteristic X-ray pattern and
redwttion mell bp hyoxianasely herrdees to A0%eFmshaf thepidcacaishistrength will be

red gL aE P POl RO T8 Vo Bbepiele ol p daprege due to this
calclizlgﬁﬁntsﬁ(ﬁ{‘thét 8t (Har$ b § 0%V hebridi iR vafueiRay B WHiSfed. O

ours. Mdre preferably the calcinationconditions
[0020d npr Therefore,éffhe ahtnine pfivotmthie Qalicmat 6 Geatenenbhastawueface area

betvlg;%\rllsglolq%];lg égs glztégr?,}g@g% %%%icgggatggﬁnamié}? %Q gﬁtg‘l’, gglilr%a?crena}rea%cetween 140
and 979 n%/ glg e(g%%u?@d ﬂ)%/ ﬁﬁ?mgyggtg@@ ASMVEDS 0T ¥r @déd;v%'le?lt). Preferably the

consi d arr w no d ’noi sture of st
calcirdgilnginhrvathhave a binddcehos foee betdieke d50 ahd H8EMe gne Aote that this
. nmeans such as nol ecul ar sieves or silica gels to
timerpgp eyl ofr @ursey ¥ary withdhesaleingtiomismperatyre sgplaygd gnd the

o B R 51, S50 Bl oS i

caloaifioR itREendhE b hbk henthbe ardhangelrain betwedD180tand 240 m2/gm, with
surface area reduction wll ,be approxi mately between 5
the profezmahramge hoing fromP904p S8 méfams s dlusnigd Bbavel | be

duced st.. t.o 95% of, t.he .oriqi;nal, val ue, T .
[00 ﬁ ac .e%%(%e?féeng?%ﬁulgsa e %ssrg%veld r?vcl}eg é%eecageblg&thgs ??] ?igray dtﬁ%racuon pattern
shoWalgCdharkctePiRtiSinedhsitRabf éLabdpetiiend BraddMdOposithms. Specifically, a

original value may be obtai ned. [0020] Therefore, if

prefetred aatalystms pn Xoraytpowder diffsaction patierarsuch that thematichefpeak

e e A s B B0 0 SR i B on
ratio of peak intensities at respective two-theta Bragg angle values of 46.0:45.5 is at most 1.1.
The X-ray pattern may be obtained by standard X-ray powder diffraction techniques, of which
a suitable example is described hereinbelow. Typically, the radiation source is a high-
intensity, copper-target, X-ray tube operated at 45 KV and 35 mA. Flat compressed powder
samples illustratively are scanned in a continuous mode with a step size of 0.030° and a dwell
time of 9.0 seconds on a computer-controller diffractometer. The diffraction pattern from the

copper K radiation may be recorded with a Peltier effect cooled solid-state detector. The data
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and 210 n2/gm (nmeasured by BET/N2 net hod, ASTM D3037,
or equivalent). Preferably the calcined alumna wl|l
whawe/oss2sur f ace area from between 150 and 180 PCT/ys2005/039357

Note that this tinme requirement will, of course, vary
with the cal cination tenperature enpl oyed and the

oxygen content of the atnosphere enployed. Note al so

that the al um nactprlor to this_calcinatign treatnen

8

suit@zab;ﬁ apaiseinsigftaldermatdn thegagaoing srmerife dine paak hﬁahtz apd peak
BpsN 5t
posmoylsgma rddd! f?(f rnz%ﬁérgﬁcg ak %ﬁg@@fi OEX éﬁlﬂ‘l@rs] %%Qa ét%o%ﬁ&a) where

theta[ﬁhaBPngg\agglev\hen the catal yst has an X-ray
diffraction pattern showi ng characteristic intensities
[0022%] pedkéngredispieaithe e@alwtaggplaﬁgu@-%@w fietah gomponent. This

eci.fical. I e d cat.al n. e
comgPre st rele by B tah Ry Ao RRRESr mixres
therb&¥t QA 'pﬁdtﬁﬁnﬁﬁelﬁ%ﬁ&@&fddvﬁhé ﬁlhﬁ-tg@o@ 126g] ARgEkLGist within the final

p03|t|ons of 34 32.5is at least 1.2 and the ratio
catabftmp:eaiposm @rmqmm?smétsucrheew@axndﬁe sylfide thabifla oByhajigle, etc., in
es of

cheffid riSalPrsiich SR Phogieny 15 Shet et of gt orasan

elerfirfdImRGa1l PRe b&E RRUAYES obRincdRitth sabsibihiia a8 tRXaRAAh@migoup metal
described herei nbel ow. Typically, the radiation source

conipenenths prasant enthietelemante) p‘@teratndrlgléthorrx)gﬁlaqpuﬁlu skéspepsed adthn the

nd .35 . FI wd
carr%tr |%qr§¥tﬁ\;éql§,tl% ggqygﬁ%eé%o nﬁpgn%ﬁﬁ?%otef:oﬁr seﬁgggtlhwﬁpﬁl (;‘ftalyst
SR B 2§ aflouflt {l)ﬁpls%ﬁfa ﬁfﬁl’iﬁéf{fech'vgechgElaﬁn&n%?&ﬂﬂ@@tapgenerally

conput er - cont r ol fract oneter ffraction
willpatipeise 000 (mﬁuinass% p;ﬁdre ﬂna}r cedilptic crmpesjtepalqudaied dean elemental

Peltier effect I d-state ector. The .
basibazelle RIS areo R Br LRI .C@ﬁalyaﬂ g S b T ips-+4 Do,
ntr .
(00552 b AL AR et DpRGREL BB B0SoBRRaBR Bithe supportinany
suithble eianoer, Qichtetﬂ&oplrenmmd]e icm-éﬁohmgeh&‘tlmpre gnkigore Thheteferred
is the Bragg angle. [0022] . An redi ent [ﬁthe
methad af Rreparing the sqltawww?lwsahﬁu FRon r’%ﬁ@h’g decpgingsable
conﬁﬁ)ﬂ%&’ szyf)laﬁﬁl%ﬁ L%_nﬁl?pc‘ i aﬁ% 1%1;{1%&11)%?&}12?% rrnéfoéglgﬁﬁ aulﬁlatwely
unifb@thdiel. bei exganpslefthe catponthiempy dt addwdig ItMppeﬂt aly comyningling
exist within the final catalytic conpaosite. as
the gennegiumith aLedneqys spiuiéon fehlosenlatine or ﬁlapxoa%dw 8% %aqupal%adlc acid.

Oth%{ ater-s&ulg;lh ?{?}en%?{m% Sy fﬁﬁfek9§o§61% P IHBEuI% ) ﬁelﬁnployed in

er rngre e"Cco e or as an e

1mpi@%rﬁhng JoretidiRsind ied udd ﬁnrﬁblﬁuﬁlhﬂﬂkbrﬁpﬁtmﬁte roromoplatinic acid, platinum
substantially all the platinumgroup nmetal conmponent
tnchbrlde,eaé@mum wtraﬂéorédfehﬁ@mtalplﬁtmd@ rqeartjogy! dichloride,

d1n1troﬁoa%ﬁrr1]oep%{1n%1 odtum %%amw op natg: |(hﬁ) palladium chloride, palladium nitrate,

palladium sulfate, diamminepalladium (II) hydroxide, tetraamminepalladium (II) chloride,

hexa-amminerhodium chloride, rhodium carbonylchloride, rhodium trichloride hydrate,
rhodium nitrate, sodium hexachlororhodate (III), sodium hexanitrorhodate (III), iridium
tribromide, iridium dichloride, iridium tetrachloride, sodium hexanitroiridate (III), potassium
or sodium chloroiridate, potassium rhodium oxalate, etc. The utilization of a platinum,
iridium, thodium, or palladium chloride compound, such as chloroplatinic, chloroiridic or

chloropalladic acid or rhodium trichloride hydrate, is preferred since it facilitates the
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carrier material. The plati numgroup netal conponent

may be present in the final catal yst conposite in any
wa@pmenss2ehat is catalytically effective; the PCT/US2005/039357

pl ati num group netal generally will conprise 0.01 to 2

mass- % of the final catalytic conposite, calculated on

an elenmental basis. Excellent results are obtained

when the catal yst contains 0.05 to 1 mass-% platinum

1ncqrm:rg13]n afttethy thet platinwny goup- m@@l@onmﬁg@mg @t least apminor quantity of

the bRERR oGRS s isit P inyis alBy Aringe o TR Eks asig s aiso

gendiiBy PARE2S HRANPRENRH0PEo1 B QPRI drB&t th }ﬁﬁ’t}féﬂfﬁ:ﬁhftﬁfe the incorporation of
i nvol ves the utilization of a soluble, deconposable

the badogrmunothpofiert apldaha mufwgrcbﬂpbmrmf th@metaﬁincew@enh ghroughout

carrier ter |narela uni f or m mann
the EiFRsTaserinh A isnt ESRagPlyePTalfih 1 GP PRt g spiep praterial
afteP QdIthﬁﬂJn' iASrddi€o HHRRRS th@"rfsf@ 0PV a sk % oWsy SRhvdfuaBR ;Qﬁtmum -group
hl oroplatinic or chloroiridic or chloropalladic acid
metﬁl her vvater soI ubl e conpounds or conpl exes of

00Bh ¢ Prelip @F@'&aﬁgraﬁﬁmﬁ?%}ﬁp%%%ﬁ Gepetidbioechebusty in the
catdhsP 'ﬁ&%}f«“}%}n ggmﬁg ticon e él‘%htoT'tl?fmlﬁ’t‘iﬂuﬁﬁgrdﬁg%&ﬂ}‘@detel‘mlned by

tetra atl num di‘chl oro onyl
eleation mbicmoprbbe adalykis mmdpamgriopélaﬁetmls opnceoulatioms with overall catalyst

tﬁlgo;lgg‘lf fﬂ%%é%}llgg%tdelﬁéut% 15 ggl(llgq?]gr%ng)?% %vtl]tlh%rmt%rm distribution. In an

alteg‘{ ﬁ or | ﬂfj&% (nlldr} mnlgp.ﬁ?(%}gﬁ%n}eﬁ 2 g&ﬁéﬁ?ﬁﬁg* @?nbféggnt asa

suri@@d h@ﬁ)doﬁi}ioﬁémiﬁ desdm(bddl s r44,6i7|7L(19¢11 mheorpychtet lmremhxydbﬁamnce The
itrate, sodlun1hexachlororhodate (rr1), sodiu

“sumlesedRier st layereol(a qatalyst pritigleadiacentdp i %‘éfaC‘F P the gaticle, and the
congén(fxla i x{ Mjsql’rfaaé ag) tj a;e {aﬁogﬁmf?%gr?npro%%gélggﬁ%m the surface to the

exanitrolri potassi u

cenfeRbptheicatalyat gartiplet assi um r hodi um oxal ate, etc. The
utilization of aHE)Iatlnum iridium rhodium or

[002| | adi GreupAVéy (HRACOHY dasiel compeonentds aothar dpgradient of the catalyst
of t ep i')rg%q%g}rnlvglét‘f?@ (rg)rfcr l Gm‘%@% gqe{:alsa elgrlla%lée Iaﬁcﬂlﬁg} refe ed and tin is

espédigiysefeRed. aFHlebnﬁfon&ﬁtrﬁh}i heeprivdent b@ﬁf@l&ﬁ@ﬁt@hﬁeﬁaﬁas a chemlcal
component and at l'east a mnor quantity of the

conmosﬁé suchdis it ogde sulidpdimdide, oxychlosidagie, atasp. thyld&]dg ¢hemical

ride.or the |ike ac enerall ad
conftgtonegha PPoWS SRSt Pirrioh bl Sy s opappaus OF B chilyic
coﬂlﬁ@ité 'PEéiEI%b Tyhﬁ shmé?ftﬂ GHibRBf fhfe ao8p MA%% &RPRNBOinished
he uni form di strl ution of the netal
cataiyﬂﬁpomuéattdmrswg hbave thdtef ther erlcracntaﬂan@ah a“he Grﬂup IVA metal

addi tion, [t.is. era r to i.npregnate. the .
conganpitsptipalle it Sitinm ep B RubidT i eobBy S figa coualyHE composite
conf%nﬂhgb 92 t& BOndsk 2k nRtal VARNIAIE GYRY cleRRniMBbAARD B best results

pl atT num group
obtained at a level of 0.1 to 2 mass-% metal.

[0026] The Group IVA metal component may be incorporated in the catalyst in any
suitable manner to achieve a homogeneous dispersion, such as by coprecipitation with the
porous carrier material, ion-exchange with the carrier material or impregnation of the carrier

material at any stage in the preparation. One method of incorporating the Group IVA metal

component into the catalyst composite involves the utilization of a soluble, decomposable
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metal . [0024] Generally the platinumgroup netal

conponent is dispersed honbgeneously in the catalyst.
wee@besakd y, honogeneously dispersion of the PCT/US2005/039357

plati numgroup netal is determ ned by el ectron

m croprobe anal ysis conparing |local netals

concentrati ons with overall catalyst netal content.

C?eneous di stribution is synonynous with uniform
corrmogn phurem 1A metadkq énmgmat@aré}%mrwm mgiad tnoughsubthe porous

carfl Pral iy BB R RN el R oo e Bior o

smhIﬂﬁféb@él’Y aligdongRe@ kit dider RhfoaBRe areEH@ed fUhé 8&Sict MYRFial. Thus, the
is th er of a catalyst particle adjacent to the

Groyp /Y Acuctaf canhonsatrmascbeadded do theecatéen owaterich by samwfingling the carrier

f | | t ff
matp i B R oy Pl Bon st mali 5 B SR o faplfiion o
starlnB8LSbmAd GsRiBols W dridePaénrkd Lh1BREE st RRRAMS e deitahydrate; or

anot her ingredient of the catal yst of the present
gernnamemthmdﬁ gmanhien Gtagthokida, mfmanmm tgtrachdoridanoatedd nitrate, lead

aceismls B EhEraiEgn EE bl Compoliis thiy iRtk FGEEH VA el chloride
congdaﬁﬂdsc %ch%%ﬁ%hﬁﬂﬁﬁ gé:mfaﬂﬁm?f%'thaﬂoﬁdg & lgﬁ‘d cﬁlallatecﬁ particularly

chlioride, etc. a physical or chem cal
preferradb Bined it dizcilifately tltehﬁcqarpomuen oﬁbmth glie mrethbcampormntidmalrat least a

ot her co onen t he catal iC conposite
mInef FPEYRiS) §/he %reﬁegﬁgﬁ%ﬂﬁgw%m Abi o¥nale sepy Wipn pepbined with

hydfgeftlch détdﬁn th%%?pdc%ﬁfyétﬁ@f&r@@ﬁ]?lﬂﬁ% %dﬂﬁz%abrpg(%ﬁl@dsbﬁ%g

state above t ement a oup
her¢iribalve commegEntoweplispertion/of the Grodp AEdnietal aomaomemis obtained in

sufficient toresult in a final catalytic conposite
acc%rdﬁlicél"i’ﬁﬂhﬁle(}’r epentigventionskan alismgfive %%‘UF’&PE @rEHicRetal com-

pouﬁbse%féﬁta? krllgg'%gﬁm c otﬁgea tdffggtﬁg‘]klh-sﬂﬁ&ﬁ% AHend r@krp?or%t@d’ Blo the
catatyyiiotisnthepeytingion 0€ ﬂfeﬁﬁb@hﬁd ob(metﬂil&leﬁ,aihd |ny®t pteferabily during
sui tabl e manner to achieve a honbgeneous di spersion,

pepga%wnaaf abyméé pr@dygragsn |CBWTWP ©h n’ﬁ%a%r ous carrier
[OOEﬂpr egmy tlpnall?}rn tl}ee Egﬂ Ihalla s% ctopl ’upﬁzt ;efv'ﬁme%i components

carrier mna er stage 1n

or dtie® cOMPPRNAS biOMixtiBEtheRIoN Etht Bt al He @F ﬁpécﬁfcblfﬂ ds taelySiRstfiers to
| VA netal conponent into the catal yst conposite

imprewecctivky tselectivity orssabiliyy. S3me oot kigiven catalyst modifiers include

deco sabl eco d of G.oup L.VA
thofi BHAPe P AP erE: TR R A e PRYaRalis, Higkeh iron, tungsten,
mo@@aém@n GaHc! bl cdiBli@h| @htalylioSly ¥ fBeEvE MAotmE Bf tHeSIRARRMENts may

be |npregnated ei ther prior to,

be added to the carrier material in any suitable manner durlng or after its preparation or to the
catalytic composite before, during or after other components are being incorporated.
Generally, good results are obtained when these components constitute 0.01 to 5 mass-% of
the composite, calculated on an elemental basis of each component.
[0028] Another optional component of the catalyst, particularly useful in hydrocarbon
conversion processes comprising dehydrogenation, dehydrocyclization, or hydrogenation
reactions, is an alkali or alkaline-earth metal component. More precisely, this optional

ingredient is selected from the group consisting of the compounds of the alkali metals --

cesium, rubidium, potassium, sodium, and lithium -- and the compounds of the alkaline earth
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si mul taneously with, or after the other conponents are

added to the carrier material. Thus, the Goup |IVA
woredoalosenponent may be added to the carrier nBCBEUSBN5/039357

by comm ngling the carrier material w th an aqueous

solution of a suitable netal salt or sol uble conpound

such as stannous brom de, stannous chloride, stannic

chl oride, stannic chloride pentahydrate; or gernani um
metgx r-aralciggay steamtiuem, b@’@urg,eqqqlgm@@,siug)eﬁﬁﬁwaﬂyﬂ good results are obtained

t et.rachl oride; I itrates t
whe s 3G pShor SonBhyr B0 Bl 3 Bk SFREC0 Mo SeatliRG on an
elenten@il BadiYAHIBbtlonadIR4li S€alREINARMARH et ¥6paserd hddyHYeGncorporated

~ chloride, germaniumtetrachloride or |ead chlorate is |
intolag ednaprisete iy amr effthe keevs wageby impregnation sisan agueous solution of 2

L [ f b h I
A L R 5 e R

[003)] N9l s HERR MR cASIRE RRM st SP RN e& bAE tol@nation step in
during the especially preferred alumna peptization

the peppaties of thb eatalysi Anrpiond, step didchoigeesiusis dibighstempenature
el o S ke SRR S5 S byt lace

befddé IRbARANE SERP HiefB o the rsﬁ%%éﬁ?oﬁ@&?ﬂ)e SQPRAID AfeSiHER poration of

as trinmethyltin chloride an nmet hyl tin dichloride

any aregals. (Whepihe df grdempeturh ealcamtdry secuthreforg indogporation of any metals,
eptzation of, the inorganic oxide, bi.nder, and nost

goof F‘%Pk? ] ‘\?"tad{m Wi eL SRR Oérfﬁﬁpﬂ Steiap ap yRiasgh helogen
adj&ﬁhé%{t S8 19floW ki ddRieRA dFanf QR4AL Ootionally, the

catal yst may also contain"multiple Goup |VA netal
[0030) mp oTRe tenditiomtehgyl oyedrtp effectitse lowenteniperatsretdxddation step are

that act alone or _in _concert as catalyst nopdifiers to .
selepigfl o penvaRsupsiafally @}leoéﬁhq/maﬁ@rcogip%@w t“r}}gll’s%‘ﬁéa’%lﬁ’% pomposite
o RS AT, P8 Gk o ARl L mperature o

from B¢éedo, 600PONAN by IZh taeRosphete/dotiestising ati i0 ¢y piedily evgdosednGenerally,
Cat al ytical | Y effective amounts of these caonponents

the priglatin eriedl] bacarried ewtrfpr e pert erfram Oixfodyhouts arapare, the exact
manper  dur Qr. ' '

pef DR e B8 B35 b B PASREEHIN, d RS compones

theif EOTRRAPOMNifg 8kide kAN Thiswae paN alfedurséaagr diththe @@Perature
results are obtai ned when these conponents constitute

empoxet and the epeiegen gpenttdhe empspharecmplgyedil at ed on an
enment al ..basj s, of .each compgnent. [.0028 r
00 o R R B SCE R A PR e aso be employed
in prspRfiHg tHetabiipkt OORMARECR QBN BMINO ReP hR§ 8650 % RAMMRINEEIN Birst, the
dehydrogenation, dehydrocyclization, or hydrogenation
halogen adjustment step may aid in homogeneous dispersion of the Group IVA(IUPAC 14)
metal and any other metal components. Additionally, the halogen adjustment step can serve
as a means of incorporating the desired level of halogen into the final catalytic composite.
The halogen adjustment step employs a halogen or halogen-containing compound in air or an
oxygen atmosphere. Since the preferred halogen for incorporation into the catalytic composite
comprises chlorine, the preferred halogen or halogen-containing compound utilized during
the halogen adjustment step is chlorine, HCI or precursor of these compounds. In carrying out

the halogen adjustment step, the catalytic composite is contacted with the halogen or halogen-

containing compound in air or an oxygen atmosphere at an elevated temperature of from 370°
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reactions, is an alkali or alkaline-earth netal
conponent. More precisely, this optional ingredient is
w@edoenseed from t he group consisting of the conpoUm®ID639357
the alkali netals ~ cesium rubidium potassium
sodium and lithium~ and the conpounds of the
al kaline earthnetals ~ calcium strontium barium and
magnesi um Generally, good results are obtai ned when
to 60@&“5 Véagapoaehe presensduting e nBtingstep iretdento@id mfhe adjustment.

Col ul ated on an Thi
in eGSR R R ok e RO B TR Bl BEafsbid iiypreterred
to uft€a MBENAE bAkva’r tHC] bPe: 166 NDeS] Tk duta@dty ofthe hAl8gkiABWA step is
S by inpregnation with an aqueous solution of a

plsan/ fatrh &. et ElrougH PuiboEe, Bd@av@mﬁihamlamﬁpﬁmnts@sﬁbe halogen

ef erred. t of [
adi ool 6P v AP it s Sricg L tlreishY o pelogen
adjulsthEer 5RP %@Be%rﬁ?m&@ Bei%?et Gt afist the DRlcARAtibARRD aStRRired by the
the invention is a high tenperature calcination step
partichber nestises] being ethploy gbtogabbasel thagatakistiaf the wrescupnveamtionhirespective

of tff Saf e St A se 0k hE SREBPL RN of g catalyst
shot18 ¢8fBASE LA efgmeﬁfﬂé‘[ HaEE Aksin 0MAS N 0t sk, @lp tﬁequeé'déﬁi%osne
cal ci nation occurs before i ncor poration of any netals,

[003230d Hepmebarmgahe catblyat, ae@ﬂummnstqo mamtsotlmrqpeomlb'r@nployed The

rediRB PP P LA HERAR {4 B5068 SUBsp 1%@0%%8@3% firgaoup tefal Seimponent
f t

B U g DS

d1v1déd digpertioe ofiteabhiponemiitimongintus theirtfraciotyhieorpatia Io;(idecIt is preferred
onpaosite to their carrespond] Pg oxide form The

thatdhg waps i Sendplasyplncean i ubtiEs bl“fi‘&f‘é frge %Vtr@%@tﬁr@f%ably, the

y
redfind E8'T bRl e, &9 1QUIENGR TSRRG! S0 CARE P/ \hicr)
Howdvep othdrlredigingaiakésatlapbié employed sthla@ Citrogen) Ac STytpically, the
10 hours or nore, the exact period of tine being that

redycég @35 del coniacsastivih Ehes%élﬁ%@qwdymwwmosaﬁ 3 spadifiona naneding a
red c?@?&gf%gtu}e oftﬁtl)% h1 §‘O{or6%%p@@ ri%ﬁl%{l'o?‘an(eo&{ﬁom B'Ssto 10 or more

course; var eratur
hou@'&ffe@ﬁﬁ@toa@diudeﬁabslm%lly aIlefttlﬁlﬂatQiurﬁJgﬁo@hﬁas]rﬁwmnent to the
npl oyed. 003% In addition to the oxidation step

elemmt@igwaléla Jstm ﬁredew@@n BfEly e $8 p@@om Edo lqadmg the catalytic

confl AL B e PhBbreor bR P A5G, B PERn SR par ot
hydastatboh @ aversibs Frd%%é@ Sdrelup PrdeedRe Qﬁkﬁ@ﬂ&urﬁigsﬂ@ﬁﬁﬁﬁrﬁg{bﬂlﬁe
the Goup | VA(I UPAC 14) mat al and any ot her

hydwaﬁmné‘mcbtochdm\wmnalf ﬂ;e intsite tashnigye is enagplopedapropespregautions

must D6 taken 16 pre-dry the hydrocarbon conversion plant to a substantially water-free state

and a substantially water-free hydrogen-containing reduction gas should be employed.

[0033] Optionally, the catalytic composite may also be subjected to a presulfiding step.
The optional sulfur component may be incorporated into the catalyst by any known technique.
[0034] A critical property of the catalyst is the bulk mass ratio of the platinum-group
component to the Group IVA(TUPAC 14) metal component. The preferred Group IVA
component is tin, and thus the preferred bulk mass ratio of platinum-group to tin is less than

0.9. Especially preferred is a bulk mass ratio of less than 0.85.
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as a neans of incorporating the desired | evel of

hal ogen into the final catalytic conposite. The
whadoegen20dj ust nent step enpl oys a hal ogen or PCT/US2005/039357

hal ogen- cont ai ni ng conpound in air or an oxygen

at nosphere. Since the preferred hal ogen for

i ncorporation into the catalytic conposite conprises

chl orine, the preferred hal ogen or hal ogen-contai ni ng
[0038inpo eriekhnidueitheichat examige theslopelcbstranisciruurpenithe tia psed in the

i s .chlorine,. r. precursor. gf t.hese conpoynds, In
preseR PR OTHSE R RArDUR OBt CHEHE SPRE FAobalc?
spe@RisBopit The OARP ShitiEnéSued HeaGkRY pokitionton treNabQB8Rer@bsorption, a
hal ogéncont ai ni ng conpound in air or an oxygen
functiomod pheerlestimn densigr el/the aucleiadilas htUSratomsfin gma@mfoer as compared

600C. te be . t. [ t ti t .
o 0 Grsp el R B SRS B e S RSB RS PRy B
whitR8e iRk Gy GBARCREN thOibsbhfiof Ak Al HSdti oYM EfSibution of the

chlorine, it is preferred to use a nole ratio of water

surrbondiq} clofges; dnd chai@erizes hedeghee af camdimhtiothand thus the type of

hal ogenati qQn step.is.typi y.from0.5 to 5 hours. or
cherpggal SO atTeh Bt 1%%%@1@”@%@%@ PBHREoR IS0 piggides
oS 0 RS O B BRI M Mgty e
Prefetabiy, nieeycatedy gp of ther prestnbeventenaon@itsdain ¢Hamctealzed nsihg dMisssbauer

step as required by the particul ar nethod,gein )
SPeEFRSFRYEE meéswé%%\a@ovrﬁé)féla@&w@fe Wlﬂi‘lﬁép‘?ﬂ Atium-group tin

' ' ' af o .
SR FEERRSGDIY By o bR SHQALD 8 A0 s, .5, iy,

amdunbaf assadigtbd th vl bl gileateriiumi Bemagzrdoat tied otk bilil tin) &8ihsan amount
fromO0.1 to 10 mass-% of the finished conposit

greqtogha 33 mapr GphsingiprefareedcHeiag {his chasatesization %mlagt ka5 adgifionally
beexg Iféu%d@ﬁa ?f?et éa?eﬁg.l,tg 3t 81@111\%8?11 ar-gl'&ﬁalra H%#d i@rfhaﬁta? Rabt510% and
eS|gneé ore [ y he

uce substanti al'l a 0

prefeladly RUEASYT B RIAES h pReEH dNMBB ataly st REn aesduespsadi BY reduced state
el emerbtal metallic state and to ensure a relatively
is meanf¥r'm and finely divided di spersion of the conmponent

100317 o PefP etk fe PRI -bROL BB afusbl WBriseds 4 Ryagocarbon
conS&iRRhRRklya!. The WolRIcatbbR §s B¢ icoRvirRAlis chtftfhel @ith Yhe daffyst at
reduci ng'gas i s substantially pure, dry hydrogen

hydgécaghon-dorggsivh &andifions; vdmeh ipglndeva tesnperatiisvod Feom 401 foed50°C, a

e, B Y TR SUEL SR D 0o
fro % PHoz19d nedt ahy E&tﬁly@ﬁ%@ﬁi%cﬁﬁrl?%ui%l‘@fdric%@ti;lg gffoi;kﬂir@%f Fasoline-

reduction tenperature of from 315 to 6500
rangeefeedstook$, anidmisoahay bonsed.for debydi@cyelization itomerigation of aliphatics

effective to reduce substantially all .of .th . .
md@r%pgwfffe&y&%e%{% ﬁ)&%ﬁg@ , df%rqu kI Eipglﬂ(ylatlon, alkylation,
tradgﬁkgfa{ibl‘f ofi% Brizatl¥a, E&Q&ﬁfﬂ ArcthfRnTBYve§oRe The hiReht invention

prior td [Gading thé catalytic
provides greater stability and lowered coke production relative to other catalysts known to the
art when used to process gasoline-range feedstock as a catalytic reforming catalyst.
Preferably, the gasoline-range feedstock has a sulfur content less than 1 part per million. The
present invention also provides greater stability and lowered coke production relative to other

catalysts known to the art when used in a dehydrogenation process where the catalyst

comprises an alkali or alkaline earth metal component.
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conposite into the hydrocarbon conversion zone or may
be perforned in situ as part of a hydrocarbon
W@ 0v6e5R2DN process start-up procedure and/ or PBET/USZP05/039357
reform ng of the hydrocarbon feedstock. However, if
the in-situ technique is enployed, proper precautions
must be taken to pre-dry the hydrocarbon conversion
lant to a substantially water-free state and a

[00§%st ahe fellawinggkemples will sayer WgHnsteshecsian myciisgmelddinents of
haul enpl 3 [ h o
the e HHL o rBER e S4lts s Bl PRE b fordrtSe g iiine e
scoflé BOthe trfentidigs o foranialthelbintly, TaerRRENRRLy ST¥r Péssible variations, as
I ncorporated into the catal yst by any known techni que.
thopep@faudingry skilt incthe apvgP eecognige, wikeh eretveithys the spisites theiinyention.
mass ratio of the platinumgroup conponent to the
Group | VA(I UPAC 14) net al t. The preferred
Group | VA conponent is tﬂ%gggﬁﬁﬂfﬂus the preferred
bul k mass ratio of platinumgroup to tin is |ess than
[0088P. Eswaphatitallyheperl datitl stss AdandUB khitBege Eavhiherailly @ssufactured
_than 0.85.[0035] A technique that can exam ne the o
via|thsead] drep srsthashiweratreaied Witk adry high-temperatgeicaleingtiqn in air containing

[ nt 4 aventbon (oxigdabi t eavironnent , .
AR L U8 S 00 e DAL SR Tyes imorepa
on i @MRkorpel stippiRasfir@8lcinafo A6 ARSHsIseMtidh dflRBloroplatinic acid

Mossbauer absorption, a function of the el ectron

andddink Noje that timwap addedito ge alymaing 5ol Biorde thewil droppieg. Next, catalyst

absor ber as_.conmpared tg th ce, directl .
ProBRAoRE isrs SEEIAEHAn B dlePai 1DDUIE e hiotals srhee yelgely (GHSV), at
5109038 $IRAIra I Wik éihﬁﬂt_aﬁaouw? ligBctaR MOPSolithR SAVGhIRTHERAL. The catalyst

of the absorption, is a function of the distribution

wagpfeduded i ar2 b (idS Vignistvae ofadirogandandnidrmelt%hiydesgenhBeduction

o NP PO S0Pl Dok B AR Ve
spectroscopy al so provides information regarding the
defiree o o khe [di spy 1 but 1 ogy of [t hg, gt e$

or , Cl,
occhmmd by pheski pec Prefeqably.| theocatalyst of |the o

pl‘ CoCT It UBLLNAYLLEPAY) CUTITU ATlITS AL T Cinat < Clilr £ D1 Ig
Mossbauet spectorsobgcopy tlo surie t anrou:];%%f 1in0'99

assocgat ¢d w t ly gygspeci fli ¢ gpy7at 1jnung gy oup ty g3 cl ust epd
wherein the effective molar ratilo of such associ ated
tinis at least 0.65. Suitably, the anount of

associated tin will be greater than 33 nass-% of the
[0088} al Thekdforrimg peifotmance afreashtcatplysh tves obthined 35 viohwss 6660 cc of

cach SRR BRAF 'p eI b HEF FHATLE N LRI BEGS S¥ict pbreforming

reabtBMEThd QdRIdhs FORhe HsB W8 h pBssufBdt AY KPERSS ﬁgi?%’aqm@id hourly
preferably at least 15% of the tin present | e

spacavelbaiiyt (LHES Vrofd . 7 b Lcdy dsdgeny dBgarben nmdeirasioatf 8.0. The test used a

naphtha feedstock with a bulk paraffin/naphthenes/aromatic composition of 58.7/30.6 /10.7
liquid vol-% and an ASTM D-86 distillation from initial boiling point of 68.3°C to a final

boiling point of 160°C. Naphtha feedstock was analyzed to contain 0.4 wt-ppm sulfur. For
each run, the target research octane (RON) of 105 was obtained, and then the temperature was
increased continuously to maintain constant RON. Each run was equal in the length of time.
After each run, the spent pilot plant catalyst was dumped keeping each bed separate. A

sample from each bed was submitted for carbon burn and the results were weight-averaged to
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is meant Sn . [0036] The catal yst of the present

i nvention has particular utility as a hydrocarbon
w@oveeseeon catal yst. The hydrocarbon is to bePCT/US2005/039357

converted is contacted with the catal yst at

hydr ocar bon- conversi on condi tions, which include a

tenperature of from40 to 550C, a pressure of from

at nrospheric to 200 at nospheres_absol ute and |i gui 3
calaylsin thy avpragecarbenb dive rr%fgrrflmsmetfomn%e 200 fagd arrq:ﬁ@erft of catalyst
BPER) Bl S BAURBEHERLL % HhE RBhE BRT caralyiic

re gasol nge stoc and al so may be

used for dehydrocycllzatlon |soner|zat|on of

al i phatics and aro é CSC5 daheidr qgenavdrages Carbon on

hydr oclr 3%PlRg, E‘ingpr portl\gpgx;lor, dertdiydial/i 0ec.

al kyl gtTogn,~ tranggh Kyl t|o§670||coner|zat%9§, and

ot her |hy rOCdrbon conversi ons. THe present i nvention

provi des Breater 5¢9abi | itygasd | gwer ed coke4productijon

relatilve to other catalysts known to the art when usked

to process gasoline-range feedstock as a catalytic

reform ng catal yst. Preferably, the gasoline-rang
[0040} o s TR RarpiRlss yewnﬁlxzectwﬁh M@SSP%’% SHCREASCOPP 47 fletsrémme the extent
t
of tfé% éarLéllslg(P?l?/{gan tgg\g?}en \(;]E‘[% éffé r?%lﬁraﬁé P‘%?éseg{et%lghg fimount of Sn
thatotdR@EsocRital wih Pt KiDwis dl@fetdihe frafnt thWﬁ@lR Sﬂﬁl&dratl@ which includes all Sn
dehydr ogenati on process where the catal conprlse
andF irgthr s#nplsr The rifeqtive Saditomeleeatia) Wa@@ﬁb@ by woliplyirg e bulk
Smf’to&(l)lgg\étﬂgbey nglagp 0?181% éx# a%sﬁélxgdt\ﬁth ILt 34 {h%tﬁogs%r ﬁ.% alﬁalyses The

specl sent ‘1 nvention.

MoSbaER kaalts B eﬁi@&hve‘”&%@t\/ﬁﬁos R Caansts Aedd %Wbl*effbﬁﬂcﬂ@ be:
the scope of the invention as set forth in the claimns.
There are nany ot her nncm hle variations. .as those._of
or 'ar%glr%/ skBulk SniPt hle Mdsslaukt %aSac 019 Hiffestive/SndH ratiebased
wi [t RV e spolmbl of | tabeociatadewtth @n. | EXANALEbRuGOABSo!

Two spherjical' fygshaped cataiysts, A and B, thajg were

camercial ly manufactured via the oj

were Breated W38h a dry hi g4a7-terrper at ure cal i62ati on

i Al r . contalni Ny apbE I‘\VI rat al \ Bl mpmeae 04 wwmt or-..at
AT T A2 LN L lly VAYAR 'A% YA YA AL

PPI T ‘y l_. J TTAIO I
8600C for 45 m nutes. Then plati numwas i npregnated on

the oil dropped support Wm i nation from an
aqueous sol ution of chlo [ acid and HO. Note
that tin was added to the alumina sol prior to the oi

[004]OPPTRY. adRcnal GRAIALY T arl Bﬁlﬁé@édn%ﬂﬁ:d\’ﬁﬁi% g G187 -2t were
an air flow of 1000° hr~ gas hourly space velocity

Pfelﬁf@ﬂ@ im@ptgling Cﬁmme&lhl@umnufammed SE])metSt(h}’I dweusil grop method)
usmg éh‘lao%llolggmc acldS %Lelz'l tcallta ?fstg r\}v%recgiy% ormat at hlgﬁI ?err?;?éra u}%sﬁl flowing

air that contained HCI, water, and Cly and subsequently reduced at high temperature in
flowing hydrogen for 2 hours using the same conditions as Example 1. The properties of the

catalysts are:

Samole Average Bulk Pt, Sn, Sn/Pt, Cl,
P Density, g/cc wi-% wit-% mol/mol wit-%

C 0.685 0.26 0.30 1.89 0.98

D 0.691 0.38 0.28 1.23 1.03
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was reduced in a 425 GHSV m xture of nitrogen and 15

nol - % hydr ogen. Reduction tenperature was 5650C and
whedod/osaed t wo hours. The properties of the catBCHESR05/039357

were: [0039] The reform ng performance of each

cat al yst was obtained. A volunme of 60 cc of each

catal yst was | oaded in a reactor in three separate

beds to represent a series of reform ng reactors. The
[0042bndi Theonesorming pentormeseesofifeataystaCnd 3 viete rtaigadywidhghe same

o3 P SR SRR VR S 3609 v

feed/HAB c4t@55t] U2@A 03 RGRA feedstock with a bul k
par af f M hapht henes/ aromati ¢ conposition of 58.7/30.6
/10.7 liquid vol-%and an ASTM D-86 distillation frgm

initial i1 i OfCHBYBHE {0 aAveraza Caidpn phg
poi nt §?H‘%!5éoo@?e"%’gbﬁ ha f eed%t ock wa$ataiystye/ €@ ¢o
contaiin @ 4 W -ppre sul fur.8&ser each run, thg target
reseanch octiane (RON) pf 105 was!obtain

the tenp&tathre s i ncread8®d conti nuous@-ggo mai nt aji n
const ant—RON—Each—+ur—was—egual—+n—the—tength—of

time. After each run, the spent pilot plant catalyst

S ed keepin ach, b rate. e ;
004 HRE el SRR R B2 S MEFBANE, BT leockdrf the exeont
of tHe&rasi&difthl witheRABEH et ddle (MbsabRiet RBuIRY SiddIe cffa¢tiverSn/Pt ratios

The reform ng performance at 7 feed barrels per ft of

for Catblabty §1 and3P@RYe found 89b8 nB8 feed/ m 3 catal yst] and 105
RON was: [0040] The sanples were analyzed with

Missbaterr—spectroscogpy Lo deterping the extent of —the
SN @898 atisgk t hel\’#gts_SbﬁB?ﬁf 65 Trelﬁﬁqﬁg& Syt Btippased
ratio represedlreq] t He 2sosiatad With By |1 hon Massbaurgpolimaly |
wijth @ dnd wa89di f flerent f¥om the |bul k Sn/ Pf.6bati o
Whi-eh—nel-udes—aH—$n—and-—Pt—+n—thg—sanple—The
eflif ed?i ve Sn/ P33 nol g rati o 3as cal qul at ed byo"rT
muttTphyrng thebut K—Sn/ Pt not e ratio by the fraction
of Sn associated with Pt fromthe Missbauer anal yses.
[004H e Mins VdsHautassllisForQakatyds /51, € and/® sbowmhattiat %88 association
_for Catalysts A and B were found to be: EXAMPLE 2
did pgonarpaseyer kigh idensyiand dighaplgisrum cantaipperd atalygtD (33% Sn
cont aj ned 0, 256 0,375 W ¢ %. : e .
asscf bRl AR rite S eRR perest e ot Rt onttigh B EREnline Catalyst B
(47% %9 Abdcistiony. FBhRelefoihing peifbrafaad RbisNCaaBel O.shdhea significantly
catal ysts were oxychlorinated at high tenperature in

highier osvbay prriductidrawhich i disadyantagious ferteemmeratdl Eformypgiunits. Such an

o RFESHER bSO B R v
incrEs@ TR & eheratbh Qui) tOREFHItE BufH thé BRher relative carbon level during catalyst

operation. High carbon can also lead to a regenerator limit such that a refiner may have to

decrease conversion and/or feed rate in order to reduce the carbon production. Additionally,
Catalyst C showed the best activity by achieving the target RON at the lowest temperature.
Therefore, for high-density catalysts of this invention, it is critical to have effective platinum-
group to tin ratios that maintain acceptable reforming performance and permit operation with
high density catalyst to allow operation of a moving bed with increased pinning margin under

hydrocarbon conversion conditions.
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catal ysts are:[0042] The reform ng performance of

Catal ysts C and D were obtained with the sane
w@e@eesizees as described in Exanple 1. The refpemiszy05/039357

performance at 7 BPCF [or 39.3 mfeed/ m 3 catal yst]

and 105 RON was: [0043] The sanples were analyzed wth

Missbauer spectroscopy to determ ne the extent of the

Sn associated with the Pt_metal. The Missbauer results

and the effective Sn/Pt EXAMBLES catal ysts C and D

were found to be: [0044] The Missbauer results for

t al t]
e R e
exarBple Fhdoginc@ b lstpatiarDX- ﬁl@%o&ﬁeﬂﬁésbmqadsl Thy dﬁ&aationvmﬂern showed

expect ed based on | ow density. and 316 Sgl atin
b

that étmamlwsf@e st ja th eew(tmodaﬁloai@%@w 49904wawhtlh@corporated

hereér} ?%r%rg:ﬁt e!rg f 'fﬁgﬁeealé%rg%%enclba%tt ucf\é by B\.}aﬁr@gﬁ\gﬁo?of peak intensities

as c&hﬁﬁ&i’ﬁfﬂo@g@iﬁﬂﬁlaf Sdmra 9 BREIi 4, Ahelrefadrdfipegk im&lntsﬁles StiBpective two-
an increase in carbon production reflects poore

thets Bedgglangly valvgs 0634 @@265 aglnglrﬁ G:# 2 antere eetenmiged ﬁOrifLer lefged 1.1 for
conl A58 Bl b £ R S P o

carbon can al so Iead to a regenerator limt such that
a refiner may have to decrease conversion and/or feed
rate in order to reduce the carbon production.

Addi tionally, Catalyst C showed the best activity by
achieving the target RON at the | owest tenperature.
Therefore, for high-density catalysts of this
invention, it is critical to have effective
platinungroup to tin ratios that maintain acceptable
reform ng performance and permt operation with high
density catal yst to all ow operation of a noving bed
with increased pinning margin under hydrocarbon
conversion conditions. EXAMPLE 3 [0045] A
representative X-ray diffraction pattern of the

catal ysts fromthe previous exanpl es was obtai ned by
standard X-ray powder techniques. The diffraction
pattern showed that the catalysts are simlar to the
mat eri al disclosed in US 6,514,904, which is

i ncorporated herein by reference thereto. The peaks
were characterized by taking ratios of peak
intensities as conpared to conventional ganma al um na.
The ratios of peak intensities at respective twotheta
Bragg angl e values of 34.0:32.5 and 46.0:45.5 were
determned to be 1.0 and 1.1 for
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conventional gamma alumna and 1.4 and 1.0 for the

catal ysts of the present invention. CLAIMS. 1. A
whyasosrebon conversion catal yst conprising a PCT/US2005/039357

pl ati num group component, a tin conmponent, and a

support conponent having an average bul k density

greater than 0.6 g/cc and preferably greater than .65

/cc, wherein the bulk mass ratio of pl atlnumgroup to
CLAIMSis less than 0.9 and preferably | ess than .85. 2.

The catalyst of claim1 wherein the support conponent

| o
ConS| éAf : ng&%’ﬂg %Iéjj)rﬁnlvglgm% cﬂgﬁrgts ?Q"ogﬁﬁ'?stur?%a ﬁfaﬂﬁ@uﬁ%?o%}{ Qdfﬂponent atin

conipona, and DIppast coipohent hahmg phav&agzbulk densitglereaér the0.6 g/ce
and m xtures thereof and is {)referabl al um na. 3.

The
anddéﬁfﬁrgbbt gregterthan fi5oe/od avherein thedul ﬁ@pwﬁp@ o RlPHRUIR SRR Cio tin is
lessptg V\%é&maa‘lﬁ‘ﬁe?%g?&qgsf{ﬁh %gar acterized with an X-ray

Fonpattern such that the ratio of peak

I ntEngiht b@c&lg@ﬂ off @SRET WheRird O st oBiR@entds gh torgdniesxide
of 34.0:32 is at least 1.2 and the ratio of peak

bindertselested fiom the gf@WISU@g t>ﬂﬁéumﬁ@t Bagsifg m@ﬁ?@lwe chranpjagtitania,

bOI‘Efl th%%a&h%%p%' %gl%toxt Sléllc%’tanﬁlu ‘;{_ltr]ees Hak 811’ Hidtis {efgljagl'ynﬁumma

group conpone

pl af.i NABCREESESN claih 2RvharsnHht iddr@midoLille bﬁ’ldar 19 altBsi®a Und further
of the catalyst calculated on an el enental basis. 5.

chamisterizad aithan Sotaycpawdar diffraetionaratiemmasugh thet thegatiqabpeakrintensities

at it EEOEH S VPR AR b i et R b s afig of peak
1nt(§1§1t1@§rﬁﬂ&@§pe@{‘ivé ®AStheB3BABS %n%% Qhlubder 46.m45.9 WALt 1.12nd

he effective nolar ratiro of associated tin to
pI at.i ribencatalystofclaimsst, &y er 3 whereinl the platiowdprewp component is

characteri.zed with uer, ect,0
plalig et if S apoRt ROR L to 2.0 BRR ARtk cdiefgiog on an
eleffBh@] bdR[somot er conponent sel ected fromthe group

consi sting of germanium rhenium gallium cerium

| an$.hdihanptalyst ofxileim 4 furtticn chargttaset oviousn said citelyst contains

LT NP N e LT, T
ok AR08l iepedt g bengal e b pka et
plafinim finusdidh elustessrip at khstd.@ dsahageterieahwih dMilssipuesgretrostopy.
an g.nolkjhgtcatfalry%‘tnz)fo s gf%lajfrcl)ls qa%smﬂ%e()rfcognq)%sfn%taar{l&af promoter component

selected from the group consisting of germanium, rhenium, gallium, cerium, lanthanum,
europium, indium, phosphorous, nickel, iron, tungsten, molybdenum, zinc, cadmium, and
mixtures thereof, wherein the metal promoter comprises from 0.01 to 5.0 mass-% of the
catalyst calculated on an elemental basis.

7. The catalyst of any of claims 1-5 further comprising a halogen component present
in an amount from 0.1 to 10 mass-% of the catalyst.

8. The catalyst of any of claims 1 -5 wherein the alumina has a surface area from 140
to 210 m2/gm and preferably the surface area is from 150 to 180 m2/gm.

9. The catalyst of any of claims 1 - 5 wherein the bulk mass ratio of platinum-group

to tin is less than 0.85.
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8. The catalyst of any of clains 1 -5 wherein the

al um na has a surface area from 140 to 210 m/gm and
wee@besakdy the surface area is from 150 to 18PCTSIING/039357

9. The catalyst of any of clainms 1 - 5 wherein the

bul k mass ratio of platinumgroup to tin is |ess than

0. 85.10. A hydrocarbon conversi on process conpri sing

contacting a hydrocar bon feedstock with a catal yst of
any0-of* BydapeREbOR. cpnyersIOpaYeRest BRI EHIBANECHRAS ddiHTochbAg feedstock

w1tﬁ 2 cgthl\ffgt & aﬁg %\Ff;?f b1 l@yaq g&}%ﬁﬁg&l c&rp/%{s?(ﬁ}a@dtn?ﬁ?ﬁons to give a converted

sl ng I num gr onen
hydﬁ@ﬁﬂibﬂﬂhé ca@ldt conpHdas 4 pladamogesip dompongnian tla\cem@g@ent and a
bul k densi tgqgreater than 0.6 g/cc, wherein the bul
suppRiS SopRenest Baving it Rveiasedrdudensty gieater thandke g@ﬁa\ﬁh%elg the bulk

mas%é%ﬁ l@gﬁlﬁgﬁg% tﬂtlrqujs [‘gs}g]a%@r ei n the hydrocarbon

a range feedstock and the process

i s1h Qat @irc)ébésCofrcEﬁmrlm WherpihakeBgirockZbonlfeed o ¢keie @ Biagttha range
claim 10 wherein the process is a dehydrogenation
feedgt%&@@é thgnproedse ischeaialyte reformingprogesspr i ses an al kal i

tl% l | ?Oﬁiegsﬁgﬁgﬂénqelt@?% ?@ﬁ%ﬁr%?esg é&%dé}l@ g% q}}ﬁgcess and the

cata@y%‘t ﬁlrﬂ&i’ c6Bpfiss ah atkalinralka@ihe bRt btabdiSpé&rsed onto the shaped catalyst

in an amount from 0.01 to 5.0 mass-% of the catalyst calculated on an elemental basis.
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